Background: Systematic studies on increased muscle tone and spasticity late after ischemic stroke, without any selection, are limited. Therefore, we aimed to determine the prevalence of increased muscle tone, classical spasticity and contracture and predictors of increased muscle tone seven years after stroke.
| INTRODUC TI ON
After stroke, increased muscle tone and spasticity may have a negative impact on health-related quality of life (Gillard et al., 2015) , motor control recovery (Singer, Nishihara, & Mochizuki, 2016) , muscle architecture (Dias et al., 2016) , and daily activities (Duncan et al., 1997) . Increased muscle tone is also associated with fourfold higher direct costs related to hospitalization, municipality services, primary care, and medication . The prevalence of increased muscle tone during the first 12 months after stroke varies between 4% and 46% Lundstrom, Terent, & Borg, 2008; Opheim, Danielsson, Alt Murphy, Persson, & Sunnerhagen, 2014; Shin et al., 2018; Sommerfeld, Eek, Svensson, Holmqvist, & von Arbin, 2004; Urban et al., 2010; Watkins et al., 2002) , probably because of differences in the case-mix and study design. Studies beyond the first year are scarce. At 18 months after ischemic or hemorrhagic stroke, increased muscle tone was found in 20% of 66 individuals (Welmer, von Arbin, Widen Holmqvist, & Sommerfeld, 2006) . However, less is known about the extent to which increased muscle tone affects long-term stroke survivors.
Most studies investigating increased muscle tone after stroke Lundstrom et al., 2008; Opheim et al., 2014; Shin et al., 2018; Sommerfeld et al., 2004; Urban et al., 2010; Watkins et al., 2002) assessed muscle tone using the Modified Ashworth scale (Bohannon & Smith, 1987; Peacock & Staudt, 1991) .
The Modified Ashworth scale quantifies the resistance that is felt when muscles are passively stretched, but it does not necessarily indicate whether there is classic spasticity or another type of increased muscle tone. According to Lance, spasticity is defined as "a motor disorder characterized by a velocity-dependent increase in tonic stretch reflexes (muscle tone) with exaggerated tendon jerks, resulting from hyperexitability of the stretch reflex, as one component of the upper motor neuron syndrome" (Lance, 1980) . Thus, the reported prevalence of increased muscle tone after stroke may not directly be translated into the prevalence of spasticity in the classical meaning. The distinction may be of importance when adults with limb spasticity are considered for focal pharmacotherapy drugs (Simpson et al., 2016) .
The early identification of those who are at risk of developing increased muscle tone late after stroke may offer possibilities for the early treatment and prevention of negative effects on recovery.
Previous studies have consistently shown that initial impairments in sensorimotor function are associated with the risk of developing increased muscle tone after stroke Opheim, Danielsson, Alt Murphy, Persson, & Sunnerhagen, 2015; Urban et al., 2010) . The role of age is less clear (Lundstrom et al., 2008; Shin et al., 2018) . The present study aimed to investigate the long-term prevalence of increased muscle tone, classical spasticity, and contracture and to identify the predictors of increased muscle tone seven years after stroke.
| ME THODS

| Population
The Sahlgrenska Academy Study on Ischaemic Stroke is a prospective and longitudinal study (Jood, Ladenvall, Rosengren, Blomstrand, & Jern, 2005) , in which 600 consecutive patients suffering a first-ever or a recurrent acute ischemic stroke at the age of 18-69 years were recruited at four stroke units in Western Sweden between August 1998 and December 2003. The current study includes the 411 participants who were recruited at the stroke unit at Sahlgrenska University Hospital at Sahlgrenska. Seven years poststroke, those who were still alive (n = 358) were invited for follow-up assessments. The procedures followed were in concordance with the institutional guidelines. All patients gave their written informed consent at baseline. For those patients who were unable to communicate, the next of kin consented. Surviving participants declining participation in assessments at the seven-year follow-up did not withdraw their consent for data collected at baseline. The Regional Ethical Review Board in Gothenburg, Sweden, approved this study (REC number: 413-04).
| Assessments at index stroke
At index stroke, all patients were examined with brain computed tomography and/or magnetic resonance imaging. Stroke severity was assessed during the first week after admission to the stroke unit using the Scandinavian Stroke Scale (Barber, Fail, Shields, Stott, & Langhorne, 2004) . Scandinavian Stroke Scale is an ordinal scale that includes nine items representing consciousness; eye movements; arm, hand and leg motor function; orientation; Conclusions: One-third of patients with ischemic stroke before 70 years of age showed increased muscle tone at 7-year follow-up. Half of them also had classical spasticity. Age, arm paresis, aphasia, and facial palsy at index stroke were predictors of increased muscle tone poststroke.
K E Y W O R D S
muscle spasticity, rehabilitation, stroke speech; facial palsy; and gait, and each item has 2-5 response categories. Scandinavian Stroke Scale gives a total score between 0 and 58. Higher scores indicate better neurological function. In all patients, the lowest Scandinavian Stroke Scale score during the first week was registered.
| Assessments seven year after index stroke
Seven years after index stroke, neurological deficits were assessed according to the National Institute of Health Stroke Scale (NIHSS) (Brott et al., 1989) , which was part of the clinical practice at that time, instead of using the Scandinavian Stroke Scale (Barber et al., 2004) . A trained study neurologist conducted passive movements of seven muscle functions in the upper extremities and legs, taking into account hyperreflexia and the velocity-dependent nature of spasticity. Increased muscle tone was defined as a Modified Ashworth scale score ≥2 in any of the assessed muscle groups. The Modified Ashworth scale is an ordinal scale with five response categories where 0 represents hypotonic, 1 normal, 2 mild, 3 moderate, 4 severe, and 5 extreme muscle tone. During this examination, the neurologist also assessed both spasticity in the classical sense referring to velocity-dependent increase in tonic stretch reflexes (muscle tone) with exaggerated tendon jerks, corresponding to the Tardieu scale grade 2-4 (Haugh, Pandyan, & Johnson, 2006) , and contractures referring to a restricted range of passive joint motion The participants were asked whether they had any ongoing therapy for spasticity. Information about recurrent strokes during follow-up was obtained from the Swedish National Hospital Discharge Registry and medical records as described (Redfors et al., 2012) .
| Statistical methods
The data were analyzed using SAS Software version 9.4 (SAS Institute Inc). Ordinal data are presented as medians, min-max, and interquartile ranges. Seven-year NIHSS scores were converted into Scandinavian Stroke Scale scores using the 90-day algorithm:
Scandinavian Stroke Scale = 56.68-2.20 × NIHSS (Gray, Ali, Lyden, & Bath, 2009 ). Univariable and multivariable logistic regressions were performed to assess the impact of baseline variables and recurrent strokes on increased muscle tone seven years poststroke. The dependent variable was increased muscle tone (i.e., a Modified Ashworth scale score ≥2 in any extremity). The covariates were age, sex, vascular risk factors, smoking, recurrent stroke
F I G U R E 1 Study flow chart
Included in the analyses n = 288 SAHLSIS ConsecuƟve consenƟng paƟents <70 years of age presenƟng with acute stroke at the Stroke Unit at Sahlgrenska University hospital n = 411
Died within seven years post-stroke n = 53
Declined assessments at seven year follow-up n = 44
Agreed parƟcipaƟon in assessments at seven year follow-up n = 292
Did not contribute muscle tone data n = 4 (Moved far away from Gothenburg n=1 Severe co-morbidiƟes n=3: Polycythemia vera and demenƟa, Reumatoid ArthriƟs with artogenic contractures, Severe cardiomyopathy and Diabetes Mellitus) Invited to parƟcipate in a follow-up study seven years post-stroke n= 358
Lost to follow-up n = 22
during follow-up, and neurological deficits expressed by different items of the Scandinavian Stroke Scale at index stroke. The items were handled as ordinal scales in the logistic regression, with odds ratios expressing the effect for one-unit increase for each item. 
| RE SULTS
Of the included 411 patients, 13% had died 7 years after stroke onset. Of the 358 participants who were still alive at the time of follow-up, 292 (82%) agreed to participate. Forty-eight of the followups were home visits. Muscle tone data were collected from 288 participants ( Figure 1) . Table 1 summarizes the baseline characteristics at index stroke for those participating and not participating in the follow-up assessments 7 years after inclusion to the study. Those declining/ nonresponders or lost to follow-up at 7 years poststroke were slightly younger, had somewhat more severe neurological deficits at acute stroke, and were more often smokers. Table 2 Classical spasticity (Lance, 1980) , regardless of localization, was recognized in 51 participants (18%), all of whom also had a Modified
Ashworth scale score ≥2. Of these, 46 participants (90%) had spasticity in the upper extremities, 34 participants (67%) in the lower extremities, and 29 participants (57%) in both the upper and lower extremities.
Among those with spasticity, six participants reported that they had been treated with botulinum toxin, and one had received baclofen;
four had orthosis, and 19 had ongoing physiotherapy. Twenty-six participants had contracture; among those, all but one also had increased muscle tone. Of those with contracture, 21 participants had contracture in the upper extremities, 17 in the lower limbs, and 11 in both. 
TA B L E 1 Baseline characteristics at index stroke
aphasia, facial palsy and gait were all statistically significant predictors, but there was no statistically significant association with age, sex, hypertension, diabetes, smoking, or recurrent stroke. In the multivariable analysis, higher age, arm paresis, aphasia, and facial palsy remained statistically significant predictors of increased muscle tone.
| D ISCUSS I ON
To our knowledge, this is the first study on ischemic stroke in which the prevalence of increased muscle tone and the number of patients meeting the classical spasticity criteria were investigated several years after acute stroke. Seven years after stroke onset, TA B L E 2 Scandinavian Stroke Scale subscores at index stroke (N = 287) one-third had increased muscle tone; for the majority, the muscle tone was mildly or moderately increased. Increased muscle tone was predicted by higher age, arm paresis, aphasia, and facial palsy at index stroke. Further, half of those with increased muscle tone displayed classical spasticity, and almost one in ten participants had contractures.
The observed prevalences of both increased muscle tone and spasticity are within the range of the previously reported prevalence of increased muscle tone, as assessed by the Modified Ashworth scale, within the first 18 months after stroke onset (Lundstrom et al., 2008; Opheim et al., 2014; Sommerfeld et al., 2004; Urban et al., 2010; Welmer et al., 2006) . As expected and in line with previous research (Picelli et al., 2014; Ryu, Lee, Lee, & Chun, 2010; Urban et al., 2010) , motor impairment in the early phase of stroke predicts increased muscle tone at later stages. To our knowledge, aphasia has not been reported as a predictor for increased muscle tone. However, this finding is plausible because such an impairment can indicate larger cortical or subcortical damage. Our study lends further support to the literature on an association between increasing age and risk for increasing muscle tone. In contrast to some previous studies (Lundstrom et al., 2008; Urban et al., 2010; Watkins et al., 2002) , sex did not predict the prevalence of increased muscle tone.
The clear difference in the prevalence of increased muscle tone based on the Modified Ashworth scale and classical spasticity indicates that the term spasticity, based on the Modified Ashworth scale data alone, may confuse researchers and clinicians. Thus, further research concerning different types of increased muscle tone in relation to different treatments and outcomes is warranted.
The finding that almost one out of every ten patients had one or more contractures is noteworthy. Our results may indicate suboptimal treatment, related to use, but also to intensity, duration, and frequency, of interventions such as physiotherapy, surgery, and pharmacological treatments. The explanations may include lack of knowledge and resources, limited periods of rehabilitation, and/or ambiguity regarding responsibility for the provision of care in a longterm perspective (hospital, municipality, and primary care). Thus, our results suggest a need for increased awareness to identify increased muscle tone both in the short-and long-term perspectives after stroke.
The strength of the current study includes the consecutive recruitment and the large and relatively young sample, the long follow-up time, and that stroke neurologists evaluated classical spasticity and contracture and assessed muscle tone by the Modified Ashworth scale. However, the results must be interpreted within the context of some limitations. The results may not be generalized to hemorrhagic stroke or to older stroke survivors. On the other hand, data on long-term outcomes are of particular importance for younger stroke survivors, who generally have a longer life expectancy. Although the participation rate was relatively high at the follow-up (82%), a potential selection bias exists in those who declined participation/did not respond to study invitation or were lost to follow-up had somewhat more severe strokes according to the Scandinavian Stroke Scale scores at admission. Thus, if anything, this bias is expected to underestimate the frequency of increased muscle tone. As the Modified Ashworth scale is a standard method to screen for increased muscle tone after stroke, we used this scale for the analysis of association between muscle tone at follow-up and baseline variables. However, as this scale does not take into account the angle of muscle contraction or different speeds (Patrick & Ada, 2006) , it must be noted that this is an analysis of increased muscle tone in a broader sense and not specifically classical spasticity.
Moreover, we did not use a validated instrument for the assessment of classical spasticity and contracture. However, the assessments were made by two study neurologists specifically trained for grading spasticity and contracture. Another study limitation is that the Note: Increased muscle tone was defined as a Modified Ashworth scale score of ≥2 in any limb. SSS indicates Scandinavian Stroke Scale. For the Scandinavian Stroke Scale items, the odds ratio for a one-unit increase of the score is given.
a The final multivariable model was obtained from a stepwise logistic regression including variables significant at the 0.10 level from univariable models, and it included age and the items arm motor power, speech and facial palsy from the Scandinavian Stroke Scale. The Hosmer and Lemeshow goodness-of-fit had a p-value of .27. TA B L E 5 Univariable and multivariable logistic regression showing the associations between baseline clinical variables, including the Scandinavian Stroke Scale (SSS) subscores at index stroke, as well as recurrent stroke and increased muscle tone seven years poststroke (N = 288) during follow-up. Thus, we cannot draw conclusions about the time course or effects of earlier or ongoing treatments from baseline to follow-up.
| CON CLUS ION
One-third of patients with ischemic stroke before 70 years of age showed increased muscle tone at seven-year follow-up. Half of them also had classical spasticity, and almost every tenth had one or more contractures. Increased muscle tone was predicted by age, arm paresis, aphasia, and facial palsy at index stroke.
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